Seedlings of the obligate halophytes Sesuvium portulacastrum L. and Tecticornia indica (Willd.) subsp. indica were grown with 0, 200, or 400 mM NaCl for 13 weeks to investigate whether salt tolerance was related to maintenance of adequate photosynthetic activity and pigment equipment. Both species showed growth optimum at 200 mM NaCl and better tissue hydration under salinity but different photosynthetic response to salinity. CO 2 assimilation rate and stomatal conductance of S. portulacastrum were highest at 200 mM NaCl, while in T. indica they decreased with salinity. Pigment content increased under salinity in both species. The de-epoxidation state in S. portulacastrum suggests the need for energy dissipation at 400 mM NaCl, while its salt-induced decline in T. indica, despite the reduced photochemistry, suggests the involvement of adaptive mechanisms other than the xanthophyll cycle.
Introduction
Salinity is one of the major environmental constraints which affects plant productivity and crop yields worldwide (Munns, 2002) . Such an effect is often associated to salt-induced reduction in photosynthetic capacity, as salt stress impairs net CO 2 assimilation rate (P N ), transpiration rate (E), and stomatal conductance (g s ) (Chaves et al., 2009; Gibberd et al., 2002; Koyro, 2006; Lakshmi et al., 1996; Sudhir and Murthy, 2004) . Chlorophyll response to the stress depends on its severity; low salt concentrations generally increase its content (Locy et al., 1996) , whereas severe salinity often reduces it (Malibari et al., 1993) . Salt-induced photosynthesis reduction can be attributed to a limitation in stomatal conductance (Brugnoli and Björkman, 1992; Goldstein et al., 1996) , a non-stomatal limitation (Drew et al., 1990) , or both, with a diminution of stomatal conductance at low salt contents in tissues then a reduction in photosynthesis activity when their salt content reaches a certain level (Downton et al., 1990) . Some studies showed a negative correlation between gas exchange and leaf Na + and Cl -concentrations (Gibberd et al., 2002) . A disturbance in ion acquisition can also lead to a decline in K + content in chloroplasts and disintegration of photosystem II (PSII) (Solomon et al., 1994) . Photosynthesis limitation can be also attributed to an inhibiting «feedback» exerted by high sugar content in mesophyll cells often observed in leaves of salt-treated plants. This excessive sugar accumulation is due to disequilibrium in its use within developing tissues (Munns et al., 1982) . Salt tolerance in plants is therefore related to a plant's aptitude to maintain adequate P N and g s (Lakshmi et al., 1996) and high chlorophyll content (Krishna Raj et al., 1993) under saline conditions.
In some other studies, photosynthesis was shown not to be affected by salinity and even stimulated at low salt concentrations (Kurban et al., 1999; Parida et al., 2004; Rajesh et al., 1998) . Generally, such photosynthetic adaptation to salinity is observed in halophytes, which are plants able to survive and to reproduce in environments where the salt concentration is around 200 mM NaCl or more (Flowers and Colmer, 2008) . Nevertheless, differences in photosynthetic responses to salinity exist even between obligate halophytes that are species requiring salt for an optimal biomass production. For instance, the obligate halophyte Sesuvium portulacastrum (Aizoaceae) displayed an improvement in photosynthesis rate and stomatal conductance in response to salinity (from 0 to 900 mM NaCl), with a maximum at 600 mM NaCl (Venkatesalu and Chellappan, 1993) . In the same species, we observed timedependent fluctuations in net CO 2 assimilation rate under salinity, with an increase up to 3 weeks of treatment followed by a decrease to the value of untreated plants after 5 weeks (Rabhi et al., 2010) . Conversely, Nieva et al. (1999) found that salinity negatively affected photosynthesis in the two obligate halophytes Arthrocnemum perenne and A. fruticosum (both belonging to the family of Chenopodiaceae). Akhani et al. (1997) reported that the chenopod Tecticornia indica (Willd.) subsp. indica belongs to the C 4 group (this species is also called Artrocnemum indicum (Willd.) Moq., Salicornia indica Willd., and Halosarcia indica (Willd.) Paul G. Wilson). It was shown to be a NAD-malic enzyme-type C 4 species, with mesophyll chloroplasts having reduced grana, characteristic of this subtype (Voznesenskaya et al., 2008) . This species displayed Kranz anatomy with reduced leaves and fleshy stem cortex. Kranz anatomy produces spatial separation of atmospheric CO 2 fixation in the mesophyll cells from the fixation of the CO 2 released from C 4 acids in the bundle sheath cells. This avoids CO 2 leakage from the mesophyll to the atmosphere and maintains an adequate CO 2 /O 2 ratio at the Rubisco site in the bundle sheath (Murchie et al., 2009) .
S. portulacastrum and T. indica were shown to exhibit a variety of interests. S. portulacastrum is used as food, fodder (Lokhande et al., 2009 , and essential oil source (Magwa et al., 2006) . It is also used in ornamentation, landscaping, desert greening, and sand dune fixation (Lonard and Judd, 1997) . Ghnaya et al. (2005) proved also its capacity as a hyperaccumulator of heavy metals. Lokhande et al. (2009) reported also its use as an alternative culture to problematic soils. T. indica subsp. indica is considered as a potential oilseed plant (Weber et al., 2007) and as useful fodder appreciated by dromedary, livestock, and occasionally cattle (Le Houérou and Ionesco, 1973) . In saline ecosystems, the tufts of this perennial species offer to several annual glycophytes a favorable microhabitat and considerably contribute to the annual productivity (Abdelly et al., 1995) . Actually, T. indica as well as S. portulacastrum are efficient plants in phytodesalination of salt-affected soils thanks to their high aptitude to produce biomass and to accumulate enormous quantities of sodium within their shoots (Rabhi et al., 2009; Ravindran et al., 2007) . Estimations of Rabhi et al. (2009) showed that these two succulent halophytes accumulated respectively 2507 and 711 kg sodium per hectare in 170 days when grown on a saline soil (ECe = 19 dS m − 1 ) taken from borders of a salt marsh. Hence, these two species can be good candidates for the recently-established approach suggesting the use of selected domesticated halophytes to overcome the problem of salinity (Lieth et al., 1999) .
Differences in the ability to adapt to a changing environment have been reported between C 3 and C 4 plants, which account for their competitive colonization of different habitats. Plants with C 4 photosynthesis have advantages in extreme growth conditions such as high temperature, low water availability, high irradiation or saline soils (Sage, 2004, and references within) . High light favors C 4 plants because of reduced bundle sheath leakage of CO 2 under high irradiance (Henderson et al., 1992; Kubásek et al., 2007; Tazoe et al., 2008) . Due to the temperature-dependence of photorespiration, the quantum yield of C 3 plants declines as temperature increases, so that C 4 metabolism takes a competitive advantage at warm temperature (Ehleringer et al., 1997; Osborne et al., 2008) . The predicted increase in ambient CO 2 concentration is expected to favor C 3 photosynthesis (Ehleringer et al., 1997) , although a recent paper reports that combined CO 2 enrichment and global warming led to increased above-ground growth of C 4 grasses in semi-arid grasslands (Morgan et al., 2011) .
In the present research, we investigated whether the ability of the halophyte species T. indica and S. portulacastrum to tolerate high salt concentrations within their shoots was related to the maintenance of adequate photosynthetic activity and leaf pigment contents and patterns. To this aim, plants were grown for 13 weeks in order to move from the study of plant responses to acute stress conditions towards a more realistic scenario, with plants allowed to adapt to the different salt regimens.
Materials and methods

Plant culture and determination of growth and photosynthesis parameters
After rooting of Sesuvium portulacastrum and Tecticornia indica cuttings, seedlings of about 50 mm height (and 2 leaves in the case of S. portulacastrum) were transferred onto sand and irrigated with Hewitt's (1966) (Osram, München, Germany) , and a photoperiod of 10-12 h. Just before harvest, photosynthetic performance was measured. The same leaves (S. portulacastrum) and internodes (T. indica) on which photosynthetic parameters were determined were harvested then immediately frozen in liquid nitrogen and stored at −80°C for pigment analyses. The remaining intact plants were harvested, cut into shoots and roots, weighed, and oven-dried for dry mass and sodium content determination.
Gas exchange
Leaf gas exchange measurements were conducted for net CO 2 assimilation rate (P N ), stomatal conductance (g s ), and intercellular CO 2 concentration (C i ). All measurements were carried out in the greenhouse at 800 μmol m -2 s -1 PAR waveband using a CO 2 /H 2 O-porometer (Li-Cor 6400, Li-Cor Inc., Lincoln, USA) operating at 35 ± 0.5 Pa ambient CO 2 . Leaves (S. portulacastrum) and internodes (T. indica) were numbered starting from the plant apex and measurements were performed for fully expanded middle-aged leaves or internodes at 10.00-12.00 h at a measuring chamber temperature of 35°C.
Leaf pigment analysis
Pigment concentrations and pattern of S. portulacastrum leaves and T. indica internodes were determined according to the method reported by Castagna et al. (2001) . Frozen samples were homogenized in dark in 100% HPLC-grade acetone with 1 mM sodium ascorbate then filtered through 0.2-μm filters. The analysis was performed by HPLC (HPLC P200, Thermo Fisher Scientific, Waltham, MA, USA) using a nonendcapped column (Zorbax ODS column, Chrompack, Raritan, NJ, USA) for pigment separation. Two solvents were used: A (acetonitrile/methanol, 75/25, v/v) and B (methanol/ ethylacetate, 68/32, v/v).
The separation cycle was 1920s with a flow rate of 16.67 mm 3 s − 1 . Pigments were eluted using 100% A for the first 900s, followed by a 150-s linear gradient to 100% B, which continued isocratically until the end of the cycle. The column was allowed to re-equilibrate in 100% solvent A for 600 s before the next injection.
Pigments were detected by their absorbance at 445 nm, and their quantification was realized by the injection of known amounts of pure standard into the HPLC system and the formulation of an equation correlating peak area to pigment concentration. The latter was expressed as nmol g − 1 DM.
Sodium contents
After oven-drying, root and shoot samples were ground then digested with a HNO 3 (0.5%) solution for ion extraction. Their sodium contents were determined by a flame photometer (Corning 480, Corning Medical and Scientific. Ltd., Halstead, England).
Calculated parameters
ΔDM Biomass production during the treatment period is the quantity of dry matter produced between the beginning and the end of the treatment period. It was determined according to the following equation:
RGR
Relative growth rate measures how much biomass is producing each gram of existing biomass at an instant t. It was calculated according to Hunt's (1990) equation:
SI Salt sensitivity index measures variations in dry mass between salt-treated (200 or 400 mM NaCl) and nontreated (0 mM NaCl) plants. It was determined as follows:
In these three equations, DM -the total plant dry mass (mg); t -time (d); the subscripts 1 and 2 -the initial and final harvests.
WUE Water use efficiency is defined as the net carbon uptake per amount of water lost from a transpiring leaf area. It was calculated as the ratio of net photosynthesis rate (P N ) and transpiration rate (E): Koyro, 2006) . DEPS index De-epoxidation index calculation was based on the contents of antheraxanthin (A), zeaxanthin (Z), and violaxanthin (V) according to the following equation:
Statistical analysis
Data were subjected to a one-way ANOVA test using SPSS software (SPSS 11.0 for Windows, IBM company, Inc., Chicago, USA) and means were compared according to Duncan's test at P =0.05.
Results
Biomass production and tissue hydration
Plants of T. indica and S. portulacastrum showed an increase in biomass production when grown under saline conditions (Table 1) . Of the three salt concentrations used in this experiment, 200 mM seems to be the optimum for their shoot biomass (Table 1) . At this salt concentration, shoot dry mass reached 154 and 132%, respectively in T. indica and S. portulacastrum. A thirteen-week cultivation at 400 mM NaCl resulted in a significant decrease in shoot biomass production as compared to the 0 mM NaCl treatment in S. portulacastrum, whereas in T. indica, no significant difference was observed between 0 and 400 mM NaCl. However, when compared to the optimal salt concentration (200 mM NaCl), shoot biomass underwent a similar decrease in both halophytes (−48% and −40% in S. portulacastrum and T. indica, respectively).
Plant cultivation with 200 mM NaCl stimulated root growth in S. portulacastrum, as indicated by the 42% increase in root biomass, but not in T. indica, while the high salinity level (400 mM NaCl) drastically affected root growth in both species (Table 1) . Such a negative effect was higher in S. portulacastrum than in T. indica, when calculated in respect to both 0 and 200 mM salt concentrations. In this latter case salt stress induced a −67% and −45% decrease in S. portulacastrum and T. indica, respectively, in comparison to optimal salt conditions (200 mM NaCl).
Despite the diminution of biomass production under high salinity, the two halophytes exhibited better tissue hydration under saline than non-saline conditions in both shoots and roots. No significant differences were observed between the two salt concentrations, the only exception being roots of S. portulacastrum, which, instead, showed a lower water content at 400 mM than at 200 mM NaCl (Table 1) . As far as shoots are concerned, at 400 mM water content reached 160% of the 0 mM NaCl treatment in T. indica and 201% in S. portulacastrum.
Sodium accumulation
As grown under saline conditions (200 and 400 mM NaCl), the two halophytes showed much higher sodium contents in shoots than in roots (Fig. 1) . Roots exhibited a continuous increase with increasing salinity, although differences between 200 and 400 mM NaCl treatments were not statistically significant in T. indica (Fig. 1C, D) . In shoots however values were similar for the two salt treatments, indicating a threshold of sodium accumulation within their tissues (7.9 and 9.2 mmol Na + g − 1 DM, respectively in T. indica and S. portulacastrum; Fig. 1A, B) .
Gas exchange and stomata responses
In the 0 mM NaCl treatment, P N of S. portulacastrum plants (9.3 μmol CO 2 m − 2 s − 1 ) was two-fold that of T. indica (4.7 μmol CO 2 m − 2 s − 1 ; Fig. 2A, B) . Under saline conditions, the two halophytes showed different photosynthetic responses. In S. portulacastrum, P N was enhanced at 200 mM NaCl and reached 148% of the 0 mM NaCl treatment, while at 400 mM NaCl it diminished back to the values recorded at 0 mM NaCl. In T. indica, this parameter did not show significant differences between 0 mM and 200 mM NaCl, but it underwent a − 70% reduction at 400 mM NaCl. Similarly to P N , g s was higher in S. portulacastrum than in T. indica under non-saline conditions (Fig. 2C, D) . In addition, g s followed the same tendency as P N in S. portulacastrum, with an optimum at 200 mM NaCl, while it showed a continuous decrease with salinity in T. indica. C i did not noticeably vary with salt concentration in S. portulacastrum and the highest values were observed at 200 mM NaCl (Fig. 2E) . In T. indica, however, C i was reduced under salinity although differences were not statistically significant (Fig. 2F) . The overall tendency of WUE under salinity showed a decrease in S. portulacastrum and an increase in T. indica although differences between treatments were not statistically significant in some cases (Fig. 2G, H) .
Leaf pigment content and pattern
Under non-saline conditions, S. portulacastrum and T. indica showed different total chlorophyll contents, the registered values being 1782 and 2183 nmol g − 1 DM, respectively (Table 2) . Differences in chlorophyll a/b ratio (Chl a/b ratio) between the two halophyte species were also found, T. indica showing the highest values regardless of the treatment. Under saline conditions, total chlorophyll content was significantly enhanced in both species. However, while in S. portulacastrum this stimulation was found to be similar at 200 and 400 mM NaCl (+ 278% and + 243%, respectively), in T. indica, chlorophyll content underwent a gradual salt-dependent increase (+ 61% and + 103% at 200 and 400 mM NaCl, respectively; Table 2 ). Chl a/b ratio was slightly modified by salinity and, in both species, it underwent significant changes only at 400 mM NaCl, when it was found to increase in S. portulacastrum and to decrease in T. indica.
Similarly to chlorophyll, carotenoids also showed higher values in T. indica than in S. portulacastrum. In detail, Table 2 shows that in T. indica 0 mM NaCl-treated plants, total carotenoid and xanthophylls were about 1.5-fold those in S. portulacastrum. In salt-grown plants, the content of these pigments considerably increased in both species but while in S. portulacastrum they reached similar values at 200 and 400 mM NaCl (about +270% and +260% for total carotenoid and xanthophylls, respectively), in T. indica, a progressive enhancement of their content was observed (+ 59% and +57% at 200 mM NaCl and +89% and +85% at 400 mM NaCl, for total carotenoids and total xanthophylls, respectively). The same trend was also followed by β-carotene, lutein, and neoxanthin, while the sum of the three xanthophylls involved in the zeaxanthin cycle (VAZ pigments) behaved differently. Indeed, VAZ pigments underwent a gradual noticeable accumulation in S. portulacastrum (+ 182% and +304% at 200 and 400 mM NaCl, respectively) while they increased much less and to a constant value in T. indica (+ 43% and + 50% at 200 and 400 mM NaCl, respectively; Table 2 ). Salt-induced variations in the content of the three single xanthophylls participating in the zeaxanthin cycle led to complex variations in the deepoxidation (DEPS) index. Actually, in S. portulacastrum DEPS index significantly increased over the 0 mM NaCl treatment at 400 mM NaCl (+ 53%) while it showed the lowest value at 200 mM NaCl. Conversely, in T. indica, growth under saline conditions induced a similar, significant decrease in DEPS index at both salt concentrations (− 77% and − 85% at 200 and 400 mM NaCl, respectively; Table 2 ).
Discussion
According to Yeo and Flowers (1980) , the fact that dry mass of dicotyledonous halophytes increases at moderate salinity makes the use of the term "control" for plants grown under non-saline conditions not appropriate since suboptimal salt solutions might formally be described as deficient. For this reason, the 0 mM NaCl treatment was not called "control" in our study.
The C 4 halophyte T. indica produced less biomass than S. portulacastrum but it allocated more carbon to the roots, as indicated by the higher root/shoot ratio exhibited by T. indica at any salt concentration (Table 1) . Accordingly, T. indica could have a competitive advantage in soil exploiting as compared to S. portulacastrum.
Both species exhibited the typical halophyte behavior, as indicated by the increase in biomass accumulation and the higher RGR under moderate salt concentration (200 mM NaCl) as compared to 0 mM NaCl (Table 1 ). However, in T. indica only shoot growth was stimulated by salt addition. At a higher concentration (400 mM NaCl), growth decreased in both species in comparison to the optimal growth conditions (200 mM NaCl), but differences in root and shoot salt sensitivity occurred between the two halophytes. The root/shoot ratio was indeed reduced by high salt concentration in S. portulacastrum in comparison to 200 mM NaCl, because of the higher reduction in root than shoot dry mass, but not in T. indica, which experienced similar decrease in above-and below-ground biomass (Table 1) .
For S. portulacastrum, our results are in agreement with those of Messedi et al. (2003) who worked on seedlings taken from the same mother-plants but grown under more controlled conditions. These authors mentioned that S. portulacastrum is an obligate halophyte and its growth is stimulated by salt concentrations less than 400 mM NaCl, the limit of its halophytic behavior. As far as T. indica is concerned, Nagarajan et al. (2008) found that its growth increased up to 300 mM NaCl and noticeably decreased over this concentration.
In order to better compare the effect of salinity on each halophyte, we calculated their relative growth rates (RGR), biomass production over the 13 weeks of treatment (ΔDM), and their sensitivity index to salinity (SI) ( Table 1 ). RGR variations revealed that under saline as well as non-saline conditions, S. portulacastrum showed higher growth rate than T. indica. Therefore, taking into account the long period of treatment (13 weeks), the former showed much higher ΔDM values than the latter. But with regard to the 0 mM NaCl treatment of each species, the highest salt concentration (400 mM NaCl) affected S. portulacastrum more than T. indica. Indeed, the sensitivity indexes to the stress were −30.6% and 0%, respectively in the two halophytes. The higher sensitivity of S. portulacastrum to salt stress in respect to T. indica was also confirmed by the SI values calculated in respect to the optimal growth conditions (200 mM NaCl), which were −42.4% and −8.9%, respectively. Conversely, T. indica was found to be more sensitive to salt deprivation, as indicated by the SI value more than twice higher (−36.2%) than in S. portulacastrum (−15.1%). P N was much higher in S. portulacastrum than in T. indica regardless of the treatment (Fig. 2) . This could explain why over the same period, the former produced more biomass than the latter. In S. portulacastrum, photosynthetic activity and stomatal conductance followed the same variations as growth, whereas in T. indica, the high growth stimulation noticed at 200 mM NaCl coincided with a trend to decrease in P N and a reduction in g s . It should be however remembered that photosynthetic performance is highly dependent on light environment. In C 4 plants (as T. indica), bundle sheath leakage of CO 2 previously fixed by PEP carboxylase, which is believed to be the main source of variation in photosynthetic efficiency, is greater in low-light than in high-light conditions (Henderson et undergoes light saturation and an increasing proportion of light energy is dissipated as heat. Therefore, in the natural environment where light is higher than that used in the present experiment, a C 4 plant should better perform than a C 3 one. Actually, the reduction in photosynthetic activity of succulent C 3 plants (such as S. portulacastrum) under salinity is usually lower than that of C 4 plants (like T. indica) (Drake, 1989) . Both species exhibited no variations in C i when grown under saline conditions. In S. portulacastrum, the parallel trend of P N and g s , together with unchanged C i value, clearly indicates that stomatal response was the main determinant for salt-dependent changes in CO 2 assimilation. S. portulacastrum has been previously found to underwent fluctuation in net CO 2 assimilation rate under salinity (mainly at 400 mM NaCl) over a 5 week period, with an increase up to 3 weeks of treatment followed by a decrease to the value of untreated plants after 5 weeks. These changes were accompanied by a generally reduced g s (Rabhi et al., 2010) and suggest the attempt of the photosynthetic apparatus to adapt to the growth environment.
S. portulacastrum and T. indica adopted two different growth-photosynthesis relationships. The former exhibited the same behavior towards increasing salinity as the halophyte Cakile maritima on the basis of RGR and P N . The two parameters showed an increase at 100 mM NaCl and a decrease at higher salinity levels, but RGR was less affected by the stress than P N . In fact, several controversies characterize this relationship in the literature. The results of WUE cannot explain the ability of T. indica to maintain a biomass production in salt-treated plants similar to that of the 0 mM NaCl treatment (Table 1 ) despite the decrease in P N and g s under salinity (Fig. 2) . T. indica must have evolved a specific mechanism that still needs to be elucidated. In its natural biotope, T. indica is a well-adapted plant to the severe conditions of a sabkha (more or less flat, shallow depression subjected to periodic inundation and evaporite deposition) during the driest period of the year in which plants have to cope with at least the interactive effects of salinity and drought stresses (Rabhi et al., 2009) . In general, Chenopodiaceae are well-adapted to aridity and among 305 studied species, 205 adopt C 4 photosynthetic pathway (Akhani et al., 1997) . Shoot sodium content was not responsible for the differences in growth and photosynthesis between T. indica and S. portulacastrum. Indeed in the two halophytes, at 200 as well as at 400 mM NaCl, it was maintained at a high and constant value (Fig. 1) , although growth and photosynthesis responses were completely different. Nevertheless, it seems that by reducing their stomatal conductance at severe salinity, they tend to reduce sodium loading into their shoots and thus help increase their longevity by maintaining Na + at subtoxic levels longer than it would occur if g s was not diminished (Everard et al., 1994) . This was especially the case for the C 4 species T. indica.
Leaf pigment content was higher in salt-treated plants of both halophytes, but particularly in S. portulacastrum (Table 2) . Such a generalized higher pigment concentration in both species could suggest an increased number of photosystems induced by growth in a saline environment. Our results agree with those of Venkatesalu and Chellappan (1993) who found that total chlorophyll content was significantly higher in plants grown under saline conditions over 90 as well as 180 days in comparison with the 0 mM NaCl treatment. S. portulacastrum leaves exhibited an extremely low Chl a/b ratio, differently from what recorded by Ramani et al. (2006) , who measured higher values of Chl a/b ratio accompanied by an increase in such a ratio after a shortterm salt treatment. Since low light conditions are known to decrease the ratio between the two chlorophylls, the differences observed between Ramani's report and our data may be attributed to the different light environment. The present experiment was indeed carried out at a lower light intensity than that used by Ramani and co-workers. A low Chl a/b ratio could be related to an increase of antenna size with respect to core complexes (CCs), chlorophyll b being not associated with CC polypeptides, to maximize light harvesting.
The increase in Chl a/b ratio under salinity, observed in S. portulacastrum grown at 400 mM NaCl (Table 2) , is in agreement with the finding of Ramani et al. (2006) and suggests a rearrangement of the photosystem composition in order to avoid the risks of photoinhibition. S. portulacastrum plants grown for 5 weeks at 400 mM NaCl were indeed found to display a decreased amount of LHCII (Rabhi et al., 2010) . Moreover, the increase in Chl a/b ratio together with a parallel increase in VAZ/Chl a ratio (data not shown) and DEPS index may indicate an enrichment in pigment-protein complexes characterized by a relatively high Chl a/b ratio, as LHCI polypeptides and the PSII minor light harvesting proteins, CP29 and CP26 (Bassi et al., 1997; Jansson, 1994) which are believed to bind most of the xanthophylls cycle pigments (Bassi et al., 1993) .
Differently from our results, Ramani et al. (2006) noticed no change in carotenoid content of S. portulacastrum cultivated under saline conditions. Such a different trend of response to salt stress may depend on the length of salt treatment performed NaCl ( in the two experiments, which lasted 10 days in the research performed by Ramani et al. (2006) , while in the present experiment it was prolonged for 13 weeks. In both species, the increased β-carotene content observed in salt-grown plants (Table 2 ) may result in increased antioxidant activity to protect photosystems against photooxidation. Koyro (2006) also observed an increase in the carotenoid/chlorophyll ratio and in leaf area ratio in the potential cash crop halophyte Plantago coronopus (L.). Actually, when absorbed light exceeds plant photochemical requirement (as may occur under normal light irradiation but in the presence of environmental constraints) this excess energy may be transferred to the ever-present oxygen. In this context, the conversion of violaxanthin to zeaxanthin through the xanthophyll cycle is considered to be one of the most effective energy dissipation mechanisms (Demmig-Adams and Adams, 1992). In S. portulacastrum, the lowest DEPS index was recorded at 200 mM NaCl, the salt concentration at which this species showed the highest CO 2 assimilation rate (Fig. 2) . A similar result was observed also following a shorter period of saline growth (3 or 5 weeks) at both 200 and 400 mM NaCl (Rabhi et al., 2010) . However, when salt treatment was extended to 13 weeks, plants grown at 400 mM NaCl exhibited a higher DEPS index (Table 2) , indicating the need to alleviate excessive excitation pressure under a prolonged exposure to high salt concentration. Salt-treated plants of T. indica, that showed a progressivelyreduced photochemistry with increasing salinity, should be expected to activate the xanthophyll cycle. On the contrary, the lowest DEPS index values were detected under salinity. Although the results of this experiment do not allow establishment of the reasons for this behavior, it can be hypothesized that the presence of NaCl somehow inhibited the xanthophyll cycle and/ or that under these salt concentrations the excitation pressure at the photosystem level is very low thanks to alternative energy dissipation mechanisms, as the water-water cycle (Asada, 2000) or a re-organization of the photosynthetic apparatus.
